We analyze the geographic inequality of economic well-being among U.S. cities by utilizing a novel measure of quantity based product-level economic well-being, i.e., the number of goods and services that can be purchased by consumers with an average city wage. We …nd a considerable cross-city dispersion in the economic well-being and the geographic dispersion has been on the steady rise since the mid-1990s for most goods and services under study. Strong geographic correlations exist in the local economic well-being and our empirical analysis based on a Global VAR (GVAR) model suggests that national shocks are an important source behind it. On average, about 30-35% of the variance of local well-being is explained by common national shocks, but the impact of common national shocks varies considerably across products, albeit to a lesser extent across cities. Nationwide unemployment shock, for example, has a stronger e¤ect in the products whose prices are adjusted more frequently and in the cities that have a larger fraction of high-skill workers. Taken together, our results indicate that the geographic inequality of economic well-being observed in the U.S. has proceeded over time mainly through the products with more ‡exible price adjustments and in the cities with higher concentration of skilled workers.
Introduction
Over the past few decades, income inequality in the U.S. has received a great deal of interest and inquiry from both researchers and policymakers. While there is voluminous research on the topic Boston that have experienced faster income growth than the national average. Beraja et al. (2017) also claim that the Fed's expansionary monetary policy during the recent Great Recession has widened the disparities among regions in the United States. Since economic welfare is typically de…ned over consumption goods rather than income, however, it remains unclear whether this spatial inequality of incomes or wages has actually translated into an uneven geographic distribution of economic well-being.
If cities with systematically higher income levels have higher consumer prices as often postulated in popular theoretical models (e.g., the basic Rosen-Roback model), the geographic inequality in economic well-being may not be as serious as it looks because high income levels are o¤set by high cost of living.
Yet, in the dearth of an appropriate measurement for the cost of living across space, little is known about the magnitude and evolution of geographic dispersion of regional economic well-being. Moreover, far less is understood about the channels through which nominal income di¤erences are transmitted to the regional disparities in economic well-being.
The current study aims at …lling this void by addressing several important questions regarding the geographic inequality of economic well-being: (i) how widely economic well-being is dispersed among U.S. cities; (ii) how the geographic disparities have evolved over time; and (iii) what factors account for the ‡uctuations and evolution of the geographic disparities. While most previous studies in this direction look at cross-sectional patterns of inequality, our study focuses on the dynamic behavior of the inequality across U.S. metro areas over time. Temporal variations of the geographic disparities are expected to provide potentially useful intuition in understanding the key issues at hand. Answering these questions, however, is by nature challenging in the lack of an appropriate measure of economic well-being across locations over time. To deal with this issue, we construct a novel measure of productlevel economic well-being by utilizing a quarterly retail price dataset from the American Chamber of Commerce Researchers Association (ACCRA) for a variety of goods and services purchased by consumers in the United States. Speci…cally, our quantity based measure of economic well-being is computed by dividing city-level wages by retail prices of individual consumer products. This captures the number of product units that can be purchased with an average wage in each city. As the longest available dataset of absolute consumer prices for individual goods and services, the ACCRA dataset is well suited for the purpose of this study thanks to the homogeneity of products across locations.
Since the underlying observations are collected consistently, by a single organization, from a survey of consumers with a speci…c income level (the mid-level managers), the ACCRA data also helps alleviate the issue of 'non-homotheticity' of consumers. As highlighted by Handbury (2012) , cross-city price indexes vary widely across income groups and using homothetic cost-of-living indexes understates the relative price level across locations once non-homotheticity is allowed for in preferences. Another merit of the ACCRA dataset is that it permits us to implement a panel data analysis in which we can identify the location and product speci…c factors that are conducive to the geographic dispersion of local economic well-being. Speci…cally, our city-level well-being measures are regressed onto a set of location-speci…c explanatory variables, including local labor market conditions and housing prices, within the framework of Global VAR (GVAR) model originally proposed by .
This approach allows us to track the dynamic impacts of both national and local idiosyncratic shocks of explanatory variables, providing additional insight into the dynamic evolution of geographic dispersion of economic well-being and the underlying factors in ‡uencing the evolution.
This study is not the …rst to look into the regional economic well-being inequality in the United States. There is now a growing literature on the regional income or wage di¤erences in the U.S. (e.g., Albouy, 2016; Diamond, 2016; Moretti, 2013 , to cite a few). But, most of these studies are directed to study the issue at cross-sectional variations with no explicit consideration on the cost-of-living di¤erences across locations. Failure to correct for local prices is likely to misguide subnational income inequality as often pointed out in the literature. Indeed, it has long been recognized that a salient feature of the cost-of-living in the U.S. is the considerable dispersion across locations with highly heterogeneous dynamics of regional prices (e.g., Choi and Wang, 2015) . Some notable exceptions in this regard include the recent work by Beraja et al. (2014) , Handbury (2012) , and Handbury and Weinstein (2015) who used micro price datasets (e.g., Nielsen's Database) to construct local or statelevel price indices. Their analyses, however, focus on the regional di¤erences of the cost-of-living per se without extending it to the context of well-being inequality or looking at their dynamic behavior over time.
We …nd a signi…cant geographic dispersion in the local economic well-being among the U.S. cities, although the size of the geographic dispersion di¤ers vastly across products. For example, the ratio of the most a¤ordable city (where consumers can buy most products with the average wage) relative to the least a¤ordable city (where consumers can buy least products with the average wage) is in the range of 1.52 and 2.38, implying that consumers in the most a¤ordable city can purchase 52% to 138% more goods or services than those in the least a¤ordable city. In light of the homogeneity of products across locations in terms of the brand names and the key features, this size of well-being gap among sub-national economies is surprising and does not run in accordance with the models based on spatial equilibrium which predict that utility levels are equalized across cities within a national border. The large and persistent cross-city welfare disparities found in our data, however, squares well with the more recent …ndings in the literature (e.g., Kennan and Walker, 2011; Yoon, 2017). We further …nd that the geographic disparities in economic well-being do not attenuate over time. This can be seen from Figure 1 , which plots the evolution of the average economic well-being in the three most a-uent cities (dotted line) and that in the least a-uent cities (solid line) for each product. There is no sign of convergence over time between the two groups in all products considered. This …nding is reinforced by Figure 2 , which exhibits the cross-city coe¢ cient of variation (CV) of economic well-being for U.S. cities over the sample period. The geographical dispersion of well-being has been on the rise since the mid-1990s for the entire products (ALL) as well as for three sub-groups: nondurables (ND), durables (D), and services (S).
Our regression analysis based on the GVAR models sheds some light on the transmission channels through which shocks in ‡uence the cross-city dispersion of economic well-being. National shocks play a nontrivial role in the variations of local economic well-being in most products under study.
Interestingly, the importance of national shocks is meaningfully associated with the degree of price ‡exibility such that the economic well-being is more responsive to national shocks in the products whose prices are adjusted more frequently. Take the cumulative e¤ect of unemployment shock for example, we uncover that economic well-being in the U.S. cities is more responsive to nationwide shocks than to local idiosyncratic shocks of labor market. In the vast majority of products, a surprise increase in the national unemployment rate hampers local economic well-being by reducing the number of goods and services available for city-level wages, which is consistent with wide-held belief. By contrast, in some other products whose prices are typically adjusted more frequently, the economic well-being actually improves rather than deteriorates after a national shock in unemployment. At the city level, we …nd moderate but intriguing evidence that economic well-being is more responsive to a national unemployment shock in the cities with greater portion of high-skill workers holding at least bachelor's degree. This lends credence to the view that skill-biased geographic sorting may have contributed to the growing disparities of economic well-being among U.S. cities.
We further …nd that the e¤ect of nationwide unemployment shock on the geographic dispersion of well-being is asymmetrical. While the well-being of U.S. cities is geographically more dispersed after an increase in national unemployment rates, no signi…cant change was found in the well-being dispersion when national unemployment rates fall. This result points to the possibility that the geographic dispersion of economic well-being in the U.S. might have been accelerated during the recent Global Financial Crisis when the national unemployment rate increased rapidly. We notice that the rise in the dispersion of well-being after a national unemployment shock occurred primarily in the products whose prices are adjusted more frequently. This stands in sharp contrast to the impact of national housing price changes which took place mainly in the products with sluggish price adjustments.
The remainder of this paper is organized as follows. The next section describes the data employed in the paper and provides a descriptive analysis for our measure of quantity-based economic well-being.
We also discuss geographic distribution of economic well-being and its evolution over time. Section 3 lays out the regression analysis based on the GVAR model with the focus on the relative importance of national shocks, in particular unemployment shock, in explaining the volatility of local economic well-being. Here we attempt to parse out potential factors behind the widening geographic disparities of economic well-being among cities in the U.S. Section 4 concludes the paper. The Appendix contains a detailed description of the data and the technical notes on variance decomposition.
Data and diagnostic analysis 2.1 The data
We construct a quantity based measure city-level economic well-being using micro-level data from two sources: (i) quarterly retail price data for selected U. As already noted, product homogeneity is a remarkable feature of our price data in the comparison of economic well-being across di¤erent locations. The survey prices are absolute prices for speci…c goods and services collected in a consistent manner by a single agency and thus refer to almost the same product at di¤erent locations. The de…nition of products is very speci…c and includes the brand name, weight, model, and other identifying information, such as Steak (one pound, USDA Choice), Soft Drink (two liters, Coca Cola), Gasoline (one gallon, regular unleaded), and Beauty Salon (woman's shampoo, trim, and blow dry). 1 Recall that our price dataset is also robust to the non-homotheticity issue because the underlying observations are collected from a particular group of consumers (mid-level managers) at di¤erent locations.
Following the convention in the literature, we consider explanatory variables for the regression analysis that may in ‡uence local economic well-being. Although theory o¤ers a long list of factors that might explain cross-city di¤erences in the economic well-being, city-level unemployment rates and house prices stand out as they are closely related to both consumer prices and wages that constitute local economic well-being (e.g., Case and Shiller, 2003 2 We further consider several city characteristics that may a¤ect local economic well-being, such as the ratio of high-skilled workers, city size measured by average population, and the average income level. These data are downloaded from the BEA website (https : ==www:bea:gov=). The fraction of skilled workers is considered because skill-level is known to be an important driving force behind arealevel productivity, income and hence economic well-being. Given the emphasis conventionally placed on human capital as a determinant of city productivity and prosperity, it is likely that the share of highskilled workers is a relevant factor for cross-city di¤erences in the economic well-being. Furthermore, it is broadly agreed that the cities with higher share of college graduates not only experienced larger increases in wages, but also had larger increases in amenities. The skill-level of cities is measured by the proportion of city residents over 25 years old with at least a bachelor's degree. Table 1 reports the summary statistics of period average city-level economic well-being by products.
Diagnostic analysis and cross-sectional dependence
Entries in the table denote the units of consumer products that can be purchased by a daily wage rate, except for 'Apartment rent' (using monthly wage). The …rst three columns present the crosscity mean, minimum and maximum values of the quantity-based economic well-being measure. Take 'Steak'for example, the mean value of 13 .09 implies that consumers in the 41 U.S. cities on average could buy about 13 pounds of USDA Choice-grade steak beef with daily wage. Depending on where they live, however, the purchasing power of daily wages varies substantially from just over 10 pounds in the least a¤ordable city to more than 18 pounds in the most a¤ordable city. That is, consumers living in the most a¤ordable city have almost 80 percent more purchasing power on steak beef than those in the least a¤ordable city. A similarly large intercity gap is noticed in other products. As shown in the fourth column of the table, the 'ratio' of purchasing power of wage between the most a¤ordable city to the least a¤ordable city ranges from 1.52 for 'Movie ticket' to 2.38 for 'Appliance repair'. This size of purchasing power gaps among subnational economies is hardly attuned to the convergence of well-being across locations. Since the ratio is quite large for some products that are conventionally categorized as tradables like 'Bread', while it is relatively small for some nontradable products like 'Auto maintenance', tradeability of product may not serve as a satisfactory explanation for the signi…cant cross-product heterogeneity in the economic well-being. This argument can be readily supported by looking at the cross-sectional coe¢ cient of variation (CV), a scale-neutral measure of dispersion, presented in the last column of the table. The cross-city dispersion of economic wellbeing di¤ers considerably across products. Some products like 'Movies'and 'Gas'have relatively small CVs, indicating that economic well-being is not much geographically dispersed in those products, while
CVs of other products such as Newspaper and Potato are quite large. Again, there seems to be no clear indication that the cross-product di¤erence in CV is meaningfully associated with the conventional product classi…cation based on the tradeability.
Spatial relationships among subnational economies usually arise from geographic interactions of one city to another in the form of spillover of shocks or mobility of production factors. In the presence of factor mobility, for instance, spatial interdependence across cities may be prompted by interactions among cities when economic agents migrate from one region to another region in search of higher economic well-being. Alternatively, the geographic interdependence of economic well-being can arise from …rms'exercising price discriminations across cities with di¤erent cost of living (e.g., Ngene et al. Vega and Elhorst (2016) , regional economic activities like unemployment rates tend to be strongly correlated across space, parallel to the nation-wide economic conditions.
2016). As pointed out by
In this context, it is instructive to explore the pattern of geographic interdependences of economic well-being across cities by looking at its comovements over time. The literature (e.g., Chudik et al.
2011, Pesaran and Tosetti 2011, Bailey et al. 2016a ) emphasizes the distinction between strong crosssectional dependence (CSD) that is often modeled by a factor model with strong factor loadings and weak dependence that is compatible with conventional spatial models in the literature. Since most panel datasets are subject to a combination of strong and weak CSDs, a methodology that is capable of identifying and dealing with both forms of CSD is needed.
To measure cross-sectional dependence of local economic well-being, we employ several popular approaches: (i) average pair-wise correlation measure constructed by^ = 2N 1 (N 1)
where^ ij denotes a pair-wise sample correlation between cities i and j; (ii) the cross-sectional dependence test developed by Table 2 presents the summary statistics of the spatial correlation of economic well-being for each product. As presented in the left-hand panel of Table 2 , there is a signi…cant comovement and interdependence of economic well-being among U.S. cities in all products considered.
The average pair-wise correlation (^ ) is positive for all products, with the wide range of 0.074 ('Tennis Balls') and 0.891 ('Gasoline'). Again, the cross-product variations in the spatial correlation do not seem to support the conventional categorizations of products based on tradeability. The Pesaran's CD-test statistic is also consistently larger than the critical value of 1.96 at the 5% signi…cance level for all products, suggesting that the local economic well-being is highly correlated across cities. To 
Empirical analysis
Our analysis so far underscores that economic well-being is widely dispersed across cities in the U.S.
but with strong comovements, and the geographic dispersion varies substantially across products.
What is less known is to what extent they vary and by which factors such variations across products and locations can be explained. To address these questions, in this section we carry out an econometric analysis based on a recent advances in the Global VAR (GVAR) model approach in the literature.
Originally introduced by and subsequently extended by numerous contributions, the GVAR approach is particularly suitable for our analysis on several grounds. First, it can account for a rich pattern of dependence across space (cross-section units) and time. Speci…cally, it accounts for strong CSD found in the data by means of unobserved common factors, as well as weak CSD after conditioning on the unobserved common factors and their lags. Second, the GVAR model allows for a su¢ cient heterogeneity across cities and products. This is an important feature because there seems to be no strong a priori reason to believe that any of the estimated slope coe¢ cients are homogeneous.
As noted by Pesaran and Smith (1995), a false imposition of homogeneity restriction in a dynamic setting will result in inconsistent estimation. Third, the GVAR model permits us to treat all variables as endogenous. 4 Here our model is closely related to the model estimated in Chudik and Pesaran (2011) for disaggregated consumer prices. In this section, we …rst describe the GVAR representation of our variables and then compare our approach with other alternative approaches popularly adopted in the empirical literature for studying similar datasets, prior to presenting the estimation results.
GVAR model of regional well-being
Let us de…ne the following variables:
well-being of product m in city i at time t, ur it unemployment rate in city i at time t, hp it = ln (HP it ) house prices (in logs) in city i at time t, where m = 1; 2; :::; M , i = 1; 2; :::; N , and t = 1; 2; :::; T . y mit represents the economic well-being in terms of product m, in city i, at time t, computed as the log of nominal wage (W it ) divided by the price of product m, in city i (P mit ); ur it is the seasonally adjusted unemployment rate in city i, at time t; and hp it denotes the log house price for city i at time t. Our sample covers M = 43 consumer products, N = 41 cities and T = 104 quarters spanning 1990.Q1 to 2015. Q4 . We refer to the city 4 For a further discussion on the GVAR model, the reader is referred to . dimension as the cross-section dimension, if not speci…ed otherwise. We collect the …rst di¤erences of these variables in the 3 1 vector z mit = ( y mit ; ur it ; hp it ) 0 . In addition, we de…ne a 4 1 vector of national cross-section averages (aggregates)
featuring the double cross-city and cross-product average of all well-being variables (
P M m=1 y mit ) as well as cross-city averages of z mit . The vector of granular averages z mt is used to approximate unobserved common factors (if present) as is now common in the literature (e.g., Pesaran, 2006). 5 We also de…ne the local or neighbor averages
where fw ij g is the local weights de…ning neighbors and their relative importance. Following standard practice in the literature and in the absence of any other prior knowledge, the weights are constructed based on the geographic contiguity proxied by state membership. The weights satisfy w ii = 0 and are normalized without a loss of generality such that P N j=1 w ij = 1 for each i. By including temporal lags of z mit , we allow for local neighborhood e¤ects in the reduced-form VAR representation of the data, as de…ned by Chudik and Pesaran (2011).
Following Chudik and Pesaran (2011), we estimate the following conditional models for each product m separately,
mi`z mi;t `+ u mit ; for i = 1; 2; :::; N;
where mi`a nd mi`a re respectively 3 3 matrices of coe¢ cients, B mi`i s 3 4 matrix of coe¢ cients, and u mit is the reduced form error vector which is orthogonal to unobserved factors approximated by z mt . Unrestricted constant terms (…xed e¤ects) are also added, but they are omitted from the exposition to simplify the notations. 
5 Our results are largely unaltered using principal components in place of cross-section averages.
where v mt is the vector of reduced-form national (common) shocks in contrast to the vector of reducedform idiosyncratic shocks (u mit ) in (1).
We stack the conditional and marginal models in a single GVAR representation. Let z mt = (z 0 m1t ; z 0 m2t ; :::; z 0 mnt ) 0 , and de…ne x mt = (z 0 mt ; z 0 mt ) 0 where the dimension of x mt is 3M + 4. As a result, we obtain
where e mt = (u 0 mt ; v 0 mt ) 0 with u mt = (u 0 m1t ; u 0 m2t ; :::; u 0 mnt ) 0 , and the coe¢ cient matrices are given by from the left to obtain the following augmented GVAR representation for the product category m, Our econometric analysis is conducted by estimating the GVAR model (4) for each product (m) separately.
Before moving on, it is informative to highlight the distinctive features of the GVAR approach in comparison with those popularly employed in the previous studies using similar datasets. Although the quantity based economic well-being measure (y mit ) has yet been considered in the literature, there are numerous applications in this direction that focus on the behavior of disaggregated prices and/or wages. The majority of studies in this regard tend to rely on spatial econometric models (e.g., Kelejian
and Prucha, 2004). 6 From an econometric perspective, the spatial econometric tools can be grouped into two categories With the increased availability of data observations for both time and cross-sections, however, the focus of the spatial econometric studies has shifted to the case with N and T both large (N; T ! 1 jointly). This environment allows for more general speci…cations in which one can track the di¤usion of the shocks of interest across both space and time (e.g., Brady, 2011). Nevertheless, most empirical studies based on the mainstream spatial models typically place homogeneity restrictions on the slope coe¢ cients and rule out strong cross-sectional dependence in innovations. For this reason, it is fair to claim that the GVAR approach is more general by allowing for both strong cross-section dependence and heterogeneity in slope coe¢ cients, although we are aware that more recent contributions in spatial econometric literature have relaxed the slope homogeneity and accommodated strong cross-sectional correlation (e.g., the two-step approach proposed by Bailey et al., 2016a) . In contrast to the spatial econometric approaches, the GVAR model in (4) is a reduced-form model where geographic origins of the shocks are not identi…ed, and idiosyncratic shocks (u mit ) are allowed to be arbitrarily weakly cross-sectionally correlated without a particular speci…cation for spatial dependence.
Estimation results
We …rst look at the contribution of the national shocks (v mt in (2)) to the changes in economic well-being. Because E (v mt u mt ) = 0 by design with the su¢ cient number of lags p, it is possible to decompose the variance of y mit into the contributions of national shocks (v mt ) and idiosyncratic shocks (u mt ). Since the two are orthogonal by construction, the corresponding contribution of national and idiosyncratic shock will sum to 1 or 100%. A larger fraction of national shocks implies stronger response of local economic well-being to common national shocks. Thus, stronger comovements of economic well-being across cities in those products. Bear in mind that both types of shocks are reduced form shocks and we do not attempt to identify structural shocks. Details of the variance decomposition are provided in Appendix B. Table 3 presents the estimated fractions of the national shocks in the variance of economic wellbeing changes by products (on the left panel) as well as by cities (on the right panel). As presented in the left-panel of Table 3 , on average around 30% of the variance of local economic well-being change is explained by national shocks that commonly a¤ect all cities, possibly with di¤erent time pro…les and magnitudes. This implies that economic well-being moves in tandem with the national level to a certain extent, with the magnitude of a city's response to the national level varying across locations. Although not dominant, this size of the impact of the national shocks is consistent with our earlier …nding on the strong cross-city correlation in local economic well-being. Again, there is a large cross-product variation in the e¤ect of national shock, ranging from 17.8% (Tennis balls) to 86.7% (Gasoline).
At the city level, the national shocks have nontrivial impacts on the ‡uctuations of the economic well-being. As can be seen from the right-hand panel of Table 3 , the average share of the national shock is in a relatively narrow range from 25.6% (Salt Lake City) to 37.0% (Houston). Interestingly, the cross-city di¤erences in the share of national shock do not seem to square well with the geographic locational feature of cities, such as coastal versus inland areas (Los Angeles vs. Louisville) or state borderline (Dallas vs. Houston). This renders us to turn to other city characteristics below as potential factors responsible for the cross-city di¤erences in the impact of national shocks.
In view of the considerable cross-product di¤erences observed in the relative importance of national shocks, it would be interesting to explore the product characteristics that can account for such a pat- prices of products are adjusted, which is ultimately related to the degree of market power. We look at whether and how the contribution of national shocks is associated with the degree of price ‡exibility of products. To this end, we utilize the data on product-level price ‡exibility employed by Choi and O'Sullivan (2013). 7 The result of this exercise is exhibited in Figure 3 which plots the degree of price ‡exibility (on the horizontal axis) against the estimated contribution of national shocks to the variance of economic well-being (on the vertical axis) for the entire 43 products. As illustrated in the left panel of Figure 3 , price ‡exibility bears a positive relationship to the share of national shocks. To rephrase, national shocks are likely to impart a greater impetus to the economic well-being in the products whose prices are adjusted more frequently. This is probably because national shocks are translated into local economic well-being mainly through price changes rather than through wage changes that are common to all the products in given locations. The right-panel of Figure 3 yields a largely similar story when we concentrate on the role of unemployment shocks in explaining the variance of the local economic well-being.
We then investigate how a surprise in the unemployment rate translates into local economic wellbeing based on the generalized impulse response functions (GIRFs) in (4). Intuitively, unemployment 7 Following Choi and O'Sullivan (2013), we obtain the data of price stickiness for our consumer products by utilizing the extensive dataset constructed by Nakamura and Steinsson (2008 , Table 17 ) who document the duration of unchanged prices for non-shelter consumer prices for some 270 entry-level items (ELIs) for the period 1998- 2005. shocks are likely to hamper local economic well-being by lowering real wage rates. Table 4 The results in the left panel of Table 4 illustrate a couple of interesting points. First, in almost all the products considered, national shocks of unemployment dominates idiosyncratic counterparts in terms of the statistical signi…cance and the magnitude of the impacts on economic well-being. That is, the changes in economic well-being in the U.S. cities are more responsive to the nationwide shocks in the labor market than to the local idiosyncratic shocks. Second, the one-year cumulative e¤ect of a one standard deviation shock to national unemployment di¤ers substantially across products, with the wide dispersion of -0.0060 (Detergent) to 0.0093 (Gasoline). Note that the estimated e¤ect has the expected negative signs in the vast majority of products (32 out of 43 products), implying that a local economic well-being or purchasing power of city wages is reduced after a surprise increase in the national unemployment rate. This outcome conforms broadly to our economic intuition that shocks in unemployment are likely to lower economic well-being by reducing the amount of goods or services available for city-level wages. In other products such as 'Gasoline'and 'Eggs', however, the national unemployment shock has an unanticipated positive sign, i.e., a rise in national unemployment rate is likely to improve economic well-being in those products. Given that our economic well-being measure is constructed by dividing city-level wages by speci…c consumer prices, this seemingly counterintuitive outcome is plausible if a positive shock in national unemployment (or a rise in national unemployment rate) decreases both wages and consumer prices, but a faster rate in the reduction of consumer prices than in wage decrease. In consequence, the amount of products that can be purchased by the reduced wage actually increases. As such, whether national unemployment shocks increase or decrease local economic well-being seems to hinge on how fast the price of products adjusts relative to wage changes.
During economic downturns when unemployment rate rises and wage declines, for example, economic well-being would decrease in the products whose prices do not adjust as fast as wage decreases, while it goes the other way around in the products where prices decline faster than wage decreases.
To substantiate this claim, we plot in Figure 4 the estimated cumulative e¤ects of national unemployment shock (top-left) and local idiosyncratic shock (top-right) against the degree of price ‡exibility of products. The upper-left panel of Figure 4 provides supplementary evidence of the positive relationship between price ‡exibility (on the horizontal axis) and the e¤ect of national unemployment shock on economic well-being (on the vertical axis), i.e., economic well-being increases more (or decreases less) in the products whose prices are adjusted more frequently after a national unemployment shock. This is in line with our intuition outlined above. By contrast, the picture changes somewhat substantially when it comes to the e¤ect of local idiosyncratic shock of unemployment. As displayed in the upper-right panel of Figure 4 , there is no clear-cut relation between price ‡exibility and the e¤ect of idiosyncratic unemployment shock. Taken together, our results strongly suggest price ‡exibility as a potential factor behind the cross-product heterogeneity observed in the data. Price ‡exibility, however, matters for the local economic well-being mainly through national shocks rather than through local idiosyncratic shocks.
The right panel of Table 4 presents the cumulative e¤ects of unemployment shocks on economic well-being at the city level. The overall impact of unemployment shock in each city is not much signi…-cant, regardless of whether the shock is national or idiosyncratic, probably due to the counterbalancing e¤ects from di¤erent products. In the cities where they are signi…cant, however, the unemployment As a matter of fact, cities that added more bachelor's degree holders at high rates between 1990 and 2010 experienced greater employment growth per capita than their peers. The lower-left panel of Figure 4 indicates a moderate but positive association between the e¤ect of national unemployment shock and the ratio of high-skill workers in the city, i.e., national unemployment shock has a stronger e¤ect on economic well-being in the cities with higher concentration of high-skill workers. As shown in the lower-right panel of Figure 4 , however, no such relationship is detected in the e¤ect of local idiosyncratic shock of unemployment.
Although intriguing, graphical representation may not provide detailed picture of the role of national shocks in explaining the growing geographic dispersion of well-being. To get a sense of magnitudes of their impacts on the cross-city dispersion of economic well-being in a more formal manner, we conduct another regression analysis based on the following model speci…cation: This is motivated by the fact that in the business cycle more could be learned by looking at di¤erent phases of business cycle separately rather than in combination. For example, it is widely documented in the literature (e.g., Neftci 1984, Rothman 1991) that business cycles have asymmetric e¤ects on some key macroeconomic variables like unemployment rates. 8 In light of the asymmetric relationship between labor market indicators and aggregate outputs over the business cycle, it is possible that the e¤ect of national unemployment rates on the local economic well-being also could be asymmetrical.
Regression (5) formalizes this insight. Moreover, to take into account potential role of price ‡exibility in explaining the growing geographic dispersion of economic well-being in the U.S., we estimate this speci…cation for two separate subgroups based on price ‡exibility as well as for the full sample, one with more ‡exibly priced products (FLEX) and the other with less ‡exibly priced products (RIGID)
as presented in the fourth column of Table A. 1 . By so doing, we expect to detect the transmission channels through which labor market conditions a¤ect local economic well-being.
The results are displayed in Table 5 where we only report the results for the variables of interest to keep the analysis focused. An overall assessment of our results is that the evidence appears to point to the existence of an asymmetric e¤ect of national unemployment rates on the dispersion of economic well-being. As presented in the …rst column of the table, in the full sample case a rise in the national unemployment rate has a positive e¤ect, but a decrease in the national unemployment rate has a negative e¤ect on the dispersion of cross-city well-being. Put alternatively, local well-being of the U.S.
cities is likely to be more (less) dispersed during economic downturns (upturns) when unemployment rate rises (declines), although they are statistically insigni…cant. National house price changes have a positive and signi…cant e¤ect on the dispersion of well-being, i.e., economic well-being is geographically more (less) dispersed during the housing boom (bust) period. This can be interpreted as saying that the geographic dispersion of economic well-being might have accelerated during the recent recovery from the earlier housing market crash.
The story changes somewhat drastically when it comes to the subgroup analysis. In the ‡exible price product (FLEX) group, there exists strong evidence on the asymmetric e¤ect of unemployment rates, clearly demonstrating the explanatory power of N U R + but not of N U R . Interestingly, the e¤ect of national house price changes is no longer signi…cant in this subgroup. By contrast, in the sluggish price product (RIGID) group reported in the last column, national house price changes have a positive and signi…cant e¤ect on the economic well-being dispersion, while the changes in national unemployment rates have unexpected signs with no statistical signi…cance. In sum, our results can be viewed as indicating that the channels through which national economic shocks in ‡uence the geographic dispersion of economic well-being of the U.S. cities hinges on the product characteristics. While national unemployment rate changes a¤ect the geographic well-being dispersion primarily through the products with ‡exible price adjustments, national house price changes do so mainly via the products whose prices are less ‡exibly adjusted.
Concluding remarks
Recent years have seen a surge in research interest in income inequality. Despite substantial investigation of the issue, the debate surrounding the income inequality in the U.S. has mainly concentrated on the national level and thus far less attention has been paid to its implications at the regional level.
A large and persistent dispersion of economic well-being across locations within a national border implies distortions in e¢ cient resource allocations. This is particularly the case for the subnational economies, like cities in the U.S. that share almost identical institutional environments with a high mobility of technology and resources. In fact, there exists mounting evidence that nominal wages or income systematically vary across sub-regions in the U.S., but little is known about the extent that the geographic wage or income inequality observed in the data is translated to actual inequality in economic well-being. Far less is known about how such geographic inequality in the economic well-being has evolved over time. To gain further insight on these issues, we utilized a micro panel dataset of actual consumer prices and constructed a novel quantity based measure of economic well-being among U.S. cities.
Using the city-level economic well-being we reach several main conclusions. First, there has been a large and persistent dispersion of the economic well-being in the United States. The geographic dispersion of economic well-being is substantial in all products under study and it has been on a steady rise since the mid-1990s. The persistent cross-city dispersion of economic well-being found in the data is di¢ cult to compromise with some theoretical models which predict that utility levels are equalized across cities in the presence of factor mobility.
Second, the movements of local economic well-being are quite responsive to national shocks which are common to all cities, possibly due to the reduced factor mobility across subnational economies (e.g., Kennan and Walker, 2011; Yoon, 2017). Common national shocks contribute a nontrivial fraction of the variation of local economic well-being, with the fraction varying considerably across products.
Interestingly, the cross-product heterogeneity in the e¤ect of national unemployment shock is meaningfully associated with the cross-product di¤erences in the ‡exibility of price adjustments. In general, the impact of national shocks is stronger for the products whose prices are adjusted more frequently, compared to the products whose prices are adjusted sluggishly. While local economic well-being tends to deteriorate after an unanticipated increase in national unemployment rate in the sluggish price products, it is likely to improve in the ‡exible price products. When it comes to the cross-city variations, it was found that cities with systematically higher portion of skilled workers are prone to have greater impact of national unemployment shocks on the economic well-being.
Last but not the least, national unemployment rates have an asymmetric e¤ect on the geographic dispersion of well-being such that economic well-being gets more dispersed across the U.S. cities after a rise in unemployment rate, but no signi…cant change was noted after its decline. Moreover, such an increase in the geographic dispersion takes place mainly in the products whose prices are adjusted more frequently. By contrast, an increase in national house prices leads to a greater geographic dispersion of well-being, primarily in the products where prices are adjusted sluggishly. As such, the channels through which shocks a¤ect the inter-city dispersion of economic well-being di¤ers across the source and nature of the shocks.
Combined together, our analysis yields some intuition on the channels through which nationwide shocks are transmitted to the geographic dispersion of economic well-being among U.S. cities. Our results indicate that the geographic inequality of economic well-being in the U.S. might have proceeded over time mainly through the products with more ‡exible price adjustments and in the cities with higher concentration of skilled workers. Note: Entries represent the cross-city mean, minimum, and maximum values of the period average units of consumer products that can be purchased by daily wage rate, except for 'Apartment rent'(using monthly wage). 'Ratio'denotes the ratio of the city with the highest value to the city with the lowest value for each product. Note: Entries represent the portion of the variance of economic well-being changes ( ymit) that is explained by nation shocks common to all cities (vmt in (2)). Note: Entries represent the one-year mean response of economic well-being to a one-standard-deviation increase in the national and local unemployment shocks, which is estimated from the high-dimensional reduced form global VAR model given by eq.(4). 
where CV m t denotes the cross-city dispersion of economic well-being in m th product, m and t respectively represent product and time dummy variables, N U R + t and N U R t respectively denote increase and decrease in seasonally adjusted national unemployment rates (NUR), and N HPt denotes the change in seasonally adjusted S&P/Case-Shiller U.S. National Home Price Index. y and asterisk (*) respectively indicate the statistical signi…cance at the 5% and 10% error levels based on robust clustered standard errors (in parentheses). Bread Note: 'Group'represents product groups for Non-durables (ND), durables (D) and service (S). 'Flex'represents the ‡exibility of price adjustment for highly ‡exible products (H) and less ‡exible products (L). 
B Variance decompositions
Reduced-form VAR model (3) has a large dimension, but once estimated, it can be used for variance decomposition in the standard way, recognizing that E (v mt u 0 mt ) = 0. Assuming p = 1 for simplicity of exposition, we have x mt = G m1 x m;t 1 + A 1 m0 e mt , which implies the following moving average representation, 
